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RADIOTELEGRAPHY.—Resistance of radiotelegraphic antennas. 
L. W. Austin, Naval Radiotelegraphic Laboratory. 


The resistance of a radiotelegraphic antenna may be divided 
into three parts: first, the ohmic resistance of the wires; second, 
the so-called radiation resistance; and third, the so-called earth 
resistances. The first is generally negligible where a sufficient 
number of wires in parallel is used. The second is derived 
from the expression for the radiated energy of an antenna, which is 


2 
E = 1607" 7? 
a 


where A represents the height to the center of capacity of the 


antenna, \ the wave length, and /, the current measured at the 
2 


; ro 
base of the antenna. The expression 1607’ is called the 
»? 


radiation resistance, as it takes the same position in the energy 
equation as that occupied by R in the case of ohmic losses. 
The expression shows that the radiation resistance falls rapidly 
as the wave length is increased. 

Up to the present no satisfactory theory of ground resistance 
has been developed. The experimental curves of antenna 
resistance, on account of the decreasing radiation resistance, 
fall rapidly at first, as the wave length is increased, and then, 
as the wave length is further increased, remain nearly con- 
stant if the ground conditions are good as in the case of a ship’s 
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antenna, or again rise nearly in a straight line if the ground con- 
ditions are poor. This rise may be very rapid in the case of 
peculiarly poor grounds. For instance, the resistance of the 
Bureau of Standards antenna rises from 13 ohms at 800 meters 
wave length to 28 ohms at 2000 meters. Great difficulty has 
been found in explaining this increase of resistance with increas- 
ing wave length, but it is believed that the following explanation 
is the true one: 

The antenna system must be looked upon as a condenser, 
the antenna itself being the upper plate and the ground water 
the lower plate. Between the ground water and the surface 
there is usually a layer of semi-conducting material which 
would correspond to a poor dielectric in the case of an ordinary 
condenser. It is well known that the dielectric losses in im- 
perfect condensers generally increase in proportion to the wave 
length of the current employed in the measurement. It is found 
that by covering the surface of the ground under and around the 
antenna with a wire net, thus making the net the lower plate of 
the condenser, the ground losses nearly disappear. 


PHYSICS.—The “center of gravity’ and “effective wave length” 
of transmission of pyrometer color screens. Paut D. Foote, 
Bureau of Standards. 


Some ten years ago Waidner and Burgess! called attention to 
the shift in effective wave length of the color screens used with 
optical pyrometers, when the temperature of the source sighted 
upon changes. Pirani? has contributed two papers upon this 
subject and in the past month a paper by Hyde, Cady, and 
Forsythe* has appeared. 

Heretofore it has been assumed that the effective wave length 


, 


is the so-called ‘center of gravity” of the luminosity curve. 
Hyde, Cady, and Forsythe have given a new definition of the 
mean effective wave length between any two temperatures, 


‘Waidner and Burgess. Bureau of Standards Scientific Paper, No. 55, p. 175 
2M. v. Pirani. Verh. d. Phys. Ges., 15: 826-838. 1913; 17: 47-62. 1915. 
3 Hyde, Cady, and Forsythe. Phys. Review, 6: 70-74. 1915. 
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which has a real physical basis. They have defined the effective 
wave length of the glass used between these two temperatures 
as that wave length for which the ratio of the two radiation 
intensities corresponding to the two temperatures exactly equals 
the ratio of the integral luminosities through the screen for the 
same two temperatures. 

In the following discussion the difference between the “center 
of gravity’’ and the true effective wave length is discussed and 
a simple and accurate method is derived for obtaining the true 
effective wave length. 


Let J, =, e 6 = Wien’s law. 
= f (A) = transmission of color screen. 
= ¢ (A) = visibility. 


T and V are functions of \ only but the analytical forms of the 
functions are unknown. Consider two temperatures 6; and 62. 


c, 
if for 6,, J; = c,d °e” ¥, 


} Ce 
| 8," 
L for 02, J =¢C,’ e 


oe 
Ji/ITa = ex a, ) 


Since } may have any arbitrary value from 0 to © the ratio 
J:/J_2 may have any chosen value by properly choosing ». Let 
L, = luminosity at temperature 6, and Lz. = luminosity at 
temperature 6o. 


Pm {sVvran = | "J (x;) T (a) V (a) ad 
0 0 


In = (J (a) Ta) VO) a 
2/0 


(3) L/L, = £07 (no) TVar 
od (nb) TV dd 





L, and Lz, and hence the ratio L,/L2, can be determined by graph- 
ical integration. Let the ratio be any definite number. It 
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is possible to choose \ in (2) such that Ji/J2 = Li/Le. Call 
this value of \} = d,. Substituting in (2): 


(2 “) 
¢(——-—— 

(4) mean A; = —— a. & (natural logarithms) 
log L, — log L, 
This is the definition, expressed analytically, of the mean effec- 
tive wave length over a given temperature range, proposed by 
Hyde, Cady, and Forsythe. Instead of referring the effective 
wave length to a given temperature range it may be referred 
to a definite temperature by letting the two temperatures ap- 
proach one another. Let 6; and 6: approach @ as a limit. The 
right term of (4) is indeterminate but can be evaluated by 
the ordinary rule of L’ Hospital, observing in the differentiation 


of the denominator that L -{ TV Jd where only J is a func- 
0 


tion of 6. Then for the limit 6; = 6. = 96, the following value 
of Xx is obtained. 
(5) AL = ae 
— dn 
0 r 
This is the true effective wave length of the glass for a tem- 
perature @. Define the wave length corresponding to the line 


which bisects the area of { TVJdd as d,, that is, the axis of 
0 
the center of gravity of the luminosity curve, so chosen that 


er) Ag 
TVJdx = 2 TVJd. Then by definition of the center 


J, 


of gravity: 
(6) , ST De. 
Se TVJdx 

Having drawn the luminosity curve on any arbitrary scale 
whatever, paying no attention to actual values of the scale 
of ordinates (L), only relative values of L needing consideration, 
\, can be determined with a planimeter having two indicating 
dials, one of area and the other of moments, such as the Amsler 
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integrator No. 1. Surprising accuracy is obtainable in measur- 
ing \,. This is evident when one considers that the luminosity 
curve for a good red glass extends only from about » = 0.600 
to 0.750 uw. Since all errors are actually based on the difference 
of these two wave lengths, a low precision in the determination 
of the center of gravity as far as the curve is concerned still 
means a very high precision in the determination of the absolute 
value of »,. Four or five significant figures are obtainable. 

The method of determining \, suggested by Hyde involves 
the log ratio of the areas of two luminosity curves, and when 
d, is expressed by equation (5) its determination requires the 
ratio of the areas of twocurves. In general the area of luminosity 
curves can not be measured by a planimeter with an accuracy 
much better than 0.5 per cent; and since a direct mathematical 
integration is impossible, because 7 = f(x) and V = f(d) are 
not expressible by any usable equations, it is evident that 
great precision is not readily possible in the determination of , 
by such a method—probably not better than three significant 
figures when great care is taken. 

Inspection of equation (5) however shows a very curious re- 
lation. Suppose that instead of plotting \ versus J7'V as ordi- 
nates, the ordinary luminosity curve, we plot J VT /\ as ordinates. 
The line of the center of gravity of this curve is given by the 
following expression: 


(7) (center gravity) = SoIVTAn 


joa 
d 


which is identical with (4) 

Therefore the true effective wave length of the pyrometer 
glass is the wave length corresponding to the center of gravity 
of the curve f(A) = JVT'/X, ie., the luminosity at any wave 
length divided by the wave length. The true value of i, is 
slightly different from the value of \,. The center of gravity 
of the curve JV7'/X versus X can be determined with great 
accuracy, so that a curve of \, = f(@) may be easily obtained by 
this method. Whether such high mathematical accuracy is 
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of value is a point open to question since the transmission of the 
glass can not be measured extremely accurately and visibility 
curves appear very different for different observers. But in 
the case of the transmission, absolute values are not required, 
merely the form of the curve needs to be known. And in the 
case of the visibility, only a short range of the curve is important, 
and over this range the slope of the visibility curves of various 
observers is in good agreement. 

In a more complete paper which will be published at an early 
date several specific pyrometer glasses are considered. One 
of these glasses is a black absorption glass used with optical 
pyrometers for extrapolating the temperature scale to say 
2500°C. The calibration of such a glass by the usual method 
necessarily tacitly involves the visibility or scope of the visibility 
curve over a small range of color. Different observers obtain 
practically the same calibration of the glass which would indi- 
cate that the effective wave length of the system could be de- 
termined with greater accuracy than one would ordinarily 
expect. Also the values of the effective wave length of a red glass 
obtained by Hyde, Cady, and Forsythe by different methods 
show such excellent agreement that a more accurate method of 
computing the data is warranted. 

In conclusion the writer desires to thank Dr. Waidner, Dr. 
Kanolt, and Mr. Crittenden for suggestions given him in this 
work. 


BOTANY.—On the application of the generic name Nauclea of 
Linnaeus. E. D. Merrit, Bureau of Science, Manila, P. 
I. (Communicated by Witu1am R. Maxon). 


It sometimes happens that the current and universally ac- 
cepted concept of a genus is quite different from that of the 
genus as originally described. This is due to misconception or 
to misinterpretation of the group on the part of later authors; 
sometimes because the original genus is subdivided, the various 
species being referred to other genera until all or most of them 
are dissociated from the original generic name; and sometimes 
because certain species have been added after the original de- 
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scription of the genus, by the original author or by others, which 
later botanists have interpreted as representing the genus, 
even when these are generically distinct from the original type. 
The case presented by Nauclea is of especial interest as illus- 
trating this latter type of interpretation, for the genus was origi- 
nally based on a single species, a plant thoroughly well known, 
and one generically distinct from Nauclea as this genus has been 
interpreted by all modern botanists. Use of the generic name 
Nauclea for the genus so called by all botanists during the past 
century is logically incorrect and is not permissible under any 
rules of botanical nomenclature; but Nauclea in the original 
Linnaean sense is entirely valid. It is, however, decidedly un- 
fortunate that, in revising the nomenclature of the group, Nauclea 
must be used for those species now placed by all botanists in 
Sarcocephalus, while those species now placed under Nauclea 
must receive a new generic name. 

Haviland' has given us a very careful and critical revision of 
this group and in connection with his work has examined most 
of the types of the species considered and determined the types 
of most of the genera. His position as to nomenclature can best 


be indicated by the following quotation from the introduction 
to his paper: 


I have also assumed that rules of priority were made to help and not 
to hinder; if they were exactly followed, Uncaria would be Ourouparia, 
Sarcocephalus would be Nauclea, ‘’auclea would have to be renamed, 
and probably Mitragyna would be Mamboga. 


_ From my knowledge of the Philippine flora and of the genera 

and species described by Blanco, I can definitely state that 
Mamboga of Blanco is identical with Mitragyna of Korthals and 
antedates Korthals’ name by twe years. The status of {/ncaria 
and Mitragyna, however, is determined by the list of nomina con- 
servanda adopted by the Vienna Botanical Congress, these two 
generic names being retained in preference to Ourouparia and 
Mamboga. The case presented by Nauclea and Sarcocephalus 
is entirely different, and it is really unfortunate that Haviland 


1A revision of the Tribe Naucleeae (Nat. Ord. Rubiaceae). Journ. Linn. 
Soc. Bot. 33: 1-94, pl. 1-4. 1897. 
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did not solve this problem of nomenclature in his revision of 
the group. Britten,? in his appreciative review of Haviland’s 
paper, states: 

The retention of Nauclea necessitates the statement ‘“typus nullus’’ 
after the name; then, after a definition of the genus as now understood, 
comes a reference to “Nauclea Linn. Sp. Pl. ed. 2, 243,” followed by 
the remark, “none of the plants called Nauclea by Linnaeus are now in 
this genus, although there is no doubt he would have called those in 
it Nauclea if he had seen them.” But as Mr. Haviland tells us else- 
where that “Linnaeus founded his Nauclea orientalis on two species 
of Sarcocephalus”’ it is difficult to see how the retention of his name for 
the plants he described could be regarded as a hindrance. 


To be strictly accurate, Nauclea orientalis Linn. involves three 
different species of Sarcocephalus, rather than two. Haviland’s 
stand on this simple question had led him illogically to retain 
Sarcocephalus as the valid name for what should be Nauclea; 
he has quoted the type of genus Nauclea as a synonym of Sar- 
cocephalus cordatus Miq.; and as to Nauclea itself, while still 
crediting Linnaeus as authority for the genus, he retains nothing 
in the genus placed there by Linnaeus himself, and is obliged to 
admit that Nauclea as interpreted by him, following modern 
usage, has no type. Others* have solved the dilemma by illogi- 
cally and incorrectly crediting the authorship of Nauclea to 
Korthals. 

The history of this nomenclatural anomaly begins with the 
publication of the genus Cephalanthus by Linnaeus; but the 
type of the genus Cephalanthus is perfectly clear, although 
Linnaeus included in the first edition of his Species Plantarum 
two generically distinct species, Cephalanthus occidentalis Linn. 
and C. orientalis Linn. The type of the genus is clearly indi- 
cated as the former by Linnaeus: ‘‘Character desumtus est a 
specie occidentali, quum orientalis fructus nobis non dum suf- 
ficienter innotuit.”’ 

In the second edition of the Species Plantarum Linnaeus 
separated Cephalanthus orientalis from the genus Cephalanthus, 


2 Notes on the Naucleeae. Journ. Bot. 36: 336-340. 1897. 
’ Dalla Torre and Harms, Genera Siphonogamarum, 495. 1905. 
‘Genera Plantarum, 61. 1737; ed. 5, 42. 1754. 
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making it the type and only species of the genus Nauclea. The 
genus Nauelea, then, must be interpreted solely by a consideration 
of the original publication of the name.’ Unfortunately Nauclea 
orientalis Linn. is Sarcocephalus of all modern authors, but the 
mere fact that a genus has been consistently misinterpreted is 
no logical reason for ignoring the original application of the 
name, Although Nauclea orientalis Linn. is in itself a mixture 
of three species, the five references given by Linnaeus are con- 
generic. 

The first reference is ‘““Cephalanthus foliis oppositis Fl. zeyl. 
53. Sp. pl. I. p. 95,” and this is Sarcocephalus cordatus Miq. 
(= Nauclea orientalis Linn.), and this number of the Flora Zey- 
lanica is represented in Hermann’s herbarium by a drawing, 
according to Trimen.’ This reference I consider typifies the 
species. The second reference is to ‘‘Platanocephalus citri 
foliis bijugis, capite majore. Vaill. act. 1722, p. 259,’’ which 
in turn is based on “‘Katou Tsjaca, Rheede, Hortus Malabaricus 
3:29, t. 33,” and is Nauclea missionis W. & A. (Sarcocephalus 
misstonis Havil.).’ The third reference is to ‘Arbor indica, 
fructu aggregato globoso. Raj. hist. 1441,”’ which is also based 
on the same figure and description of Rheede as the above refer- 
ence. The fourth reference is directly to ““Katu Tsiacca Rheed. 
Mal. 3, p. 29, t. 33,” which, as noted above, is Nauclea missionis 
W. & A. (Sarcocephalus missionis Havil.). The fifth reference 
is a doubtful one to ‘““Bancalus Rumph. amb. 3, p. 84, ¢. 55?’’ 
and Kuntze has adopted Bancalus for the generic name in place 
of Nauclea. Bancalus of Rumphius, however, is a Sarcocephalus 
(=Nauclea of Linnaeus, not of other authors), a species closely 
allied to Sarcocephalus junghuhnii Miq., S. mitragynus Miq., 
and S. tenuiflorus Havil. Cephalanthus orientalis Linn.,* on 
which Nauclea orientalis Linn.® is based, presents the first, second, 
and fourth of these citations. 

The generic nomenclature of Nauclea is as follows: 

5 Linnaeus, Species Plantarum, ed. 2, 243. 1762. 

6‘ Hermann’s Ceylon Herbarium and Linnaeus’s ‘‘Flora Zeylanica.’’ Journ. 
Linn. Soc. Bot. 24: 129-155. 1887. 

7 See Haviland, Journ. Linn. Soc. Bot. 33: 32. 1897. 


8 Species Plantarum, 95. 1753. 
® Species Plantarum, ed. 2, 243. 1762. 
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NAUCLEA Linn. Sp. Pl. ed. 2, 243. 1762. 
Sarcocephalus Afzel. ex R. Br. in Tukey’s Congo App. 267. 
1818. 
Cephalina Thonn. in Schumm. Beskr. Guin. Pl. 125. 1827. 
Platanocarpum Endl. Gen. 557. 1838; Korth. Obs. Naucl. 
Ind.18. 1839. 

Bancalus O. Ktze. Rev. Gen. Pl. 1:276. 1891. 

The type of the genus Nauclea, and the sole species cited under 
this name in the original publication, is Nauclea orientalis Linn. 
(Sarcocephalus cordatus Miq.). 

The type of the genus Cephalina Thonn. is Cephalina esculenta 
Thonn., the only species cited (= Sarcocephalus esculentus Afzel.). 

The type of the genus Platanocarpum Endl. is not indicated 
by that author; but he cites “Naucleae, sectio Nauclearia, §. 1. 
DC. Prodr. IV.’ 343,”’ the description applies to Nauclea of 
Linnaeus (Sarcocephalus Afzel.), and the first three of the four 
species placed by DeCandolle in the first section of Nauclearia 
are Nauclea of Linnaeus (Sarcocephalus Afzel.). Interpreting 
the genus upon the first species cited by DeCandolle, the type 
would be Nauclea. undulata Roxb. (Sarcocephalus undulatus 
Miq.). Korthals’ interpretation of Platanocarpum a year later 
is based on two species: the first, Platanocarpum subditum Korth. 
(= Sarcocephalus subditus Miq.); the second, Platanocarpum 
cordatum -Korth. (=Sarcocephalus cordatus Miq. = Nauclea 
orientalis Linn.). 

Bancalus of O. Kuntze was based on “Bancalus Rumph. 
Herb. Amb. 3:84, ¢. 55. 1743,’’ ostensibly because Bancalus 
is an older name than Nauclea. Kuntze included in Bancalus 
species of Sarcocephalus and of Nauclea as currently understood 
by modern botanists; but whether Bancalus be typified by 
the Rumphian plant or by the type of the Linnaean genus Nauclea, 
it is a synonym of Sarcocephalus Afzel. (= Nauclea Linn.). Dalla 
Torre and Harms are wrong in referring Bancalus O. Ktze. to 
Nauclea Korth. as a synonym; it is a synonym of Nauclea Linn. 
If Bancalus is to be interpreted as an exact equivalent of Nau- 
clea of Linnaeus, the type is N. orientalis Linn., cited by O. 
Kuntze as Bancalus orientalis (Linn.) O. Kuntze. If typified 
by the plant Rumphius actually described and figured under 
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Bancalus, the type is also a true Nauclea (Sarcocephalus), for 
Rumphius’ description refers unmistakably to Sarcocephalus: 
“fructus . . . non facile manibus confringendus, lentus enim 
ac tenax est, interna substantia similis est, sed siccior praecedente”’ 
[Arbor noctis = Sarcocephalus!]. Most of the species trans- 
ferred by Kuntze to Bancalus, however, belong in Nauclea as 
currently interpreted, but not in Nauclea (Sarcocephalus) as 
defined by Linnaeus. 

Nauclea as here interpreted in the original Linnaean sense 
consists of the following species, extending from tropical Africa 
through tropical Asia and Malaya to tropical Australia and 
Polynesia, nearly 25 being known. 


NAUCLEA Linnaeus. 


Nauclea annamensis (Dubard & Eberh.) 
Sarcocephalus annamensis Dubard & Eberh. Bull. Mus. Hist. Nat. 
Paris 15: 493. 1909. 
Indo-China. 


Nauclea dasyphylla (Miq.) 
Sarcocephalus dasyphyllus Miq. F. Ind. Bat. 2: 133. 1856. 
Sumatra. 


Nauclea diderrichii (Wildem.) 
Sarcocephalus diderrichii Wildem. in Masui Etat Indep. Congo 
Expos. Brux. 439. 1897 (nomen); Rev. Cult. Colon. 9:7. 1901. 
Tropical Africa. 
Nauclea elmeri nom. nov. 
Sarcocephalus ovatus Elm. Leafl. Philip. Bot. 1: 33. 1906; non 
Nauclea ovata Merr. 1913. 
Philippines. 


Nauclea esculenta (Afzel.) 
Sarcocephalus esculentus Afzel. ex R. Br. in Tukey, Congo App. 
467. 1818. 
Nauclea sambucina Winterb. Acc. Sierra Leone 45. 1803 (nomen). 
Tropical Africa. 


Nauclea gilleti: (Wildem.) 
Sarcocephalus gilletii Wildem. in Rev. Cult. Colon. 9: 8. 1901. 
Tropical Africa. 

Nauclea glaberrima Bartl. ex DC. Prodr. 4: 28. 1830. 


Sarcocephalus glaberrimus Miq. F\. Ind. Bat. 2: 133. 1856. 
Philippines and Celebes. 
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Nauclea hirsuta (Havil.) 
Sarcocephalus hirsutus Havil. Journ. Linn. Soc. Bot. 33: 32. 1897. 
Borneo. 


Nauclea junghuhnii (Miq.) 
Sarcocephalus junghuhnit Miq. Fl. Ind. Bat. 2: 133. 1856. 
Malay Peninsula and Cambodia to Sumatra, Borneo, and the 
Philippines. 


Nauclea maingayi Hook. f. Fl. Brit. Ind. 3:27. 1880. 
Sarcocephalus maingayi Havil. Journ. Linn. Soc. Bot. 33: 33. 
Bancalus maingayii O. Ktze. Rev. Gen. Pl. 1: 277. 1891. 
Malay Peninsula and Borneo. 


Nauclea missionis W. & A. Prodr. 392. 1834. 
Sarcocephalus missionis Havil. Journ. Linn. Soc. Bot. 33: 32. 
Bancalus missionis O. Ktze. Rev. Gen. Pl. 1: 277. 1891. 
India. 


Nauclea mitragyna (Miq.) 
Sarcocephalus mitragynus Mig. Ann, Mus. Bot. Lugd.-Bat. 4: 180. 
1868-69. 
Ceram. 


Nauclea multicephala (Ilm.) 
Sarcocephalus multicephalus Elm. Leafl. Philip. Bot. 5: 1896. 1913. 


Philippines. 


Nauclea orientalis Linn. Sp. Pl. ed. 2, 248. 1762. 
Cephalanthus orientalis Linn. Sp. Pl. 95. 1753. 
Nauclea cordata Roxb. Fl. Ind. ed. Carey 1: 509. 1832. 
Sarcocephalus cordatus Miq. Fl. Ind. Bat. 2: 133. 1856. 
Platanocarpum cordatum Korth. Obs. Naucl. Ind. 16. 1839. 
Bancalus orientalis O. Ktze. Rev. Gen. Pl. 1: 277. 1891. 
Sarcocephalus orientalis Merr. Philip. Journ. Sci. Bot. 3: 436. 1908. 
India through Malaya to tropical Australia. The type of the genus. 


Nauclea pacifica (Reinecke) 
Sarcecephalus pacificus Reinecke, Bot. Jahrb. Engler 25: 684. pl. 
13, f.C. 1898. 
Samoa. 


Nauclea parva (Havil.) 
Sarcocephalus parvus Havil. Journ. Linn. Soc. Bot. 33: 31. 1897. 
Borneo. 


Nauclea pobequini (Pobéquin) 
Sarcocephalus pobequini Pobéquin, Ess. Fl. Guin. Fr. 313. 1906. 
Tropical Africa. 
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Nauclea pubescens (Valet.) 
Sarcocephalus pubescens Valet. Bot, Jahrb. Engler 44: 550. 1910. 
Borneo. 

Nauclea ramosa (Lauterb.) 
Sarcocephalus ramosus Lauterb. Bot. Jahrb. Engler 41: 235. 1908. 
Samoa. 


Nauclea robinsonii nom. nov. 
Sarcocephalus pubescens C. B. Rob. Philip. Journ. Sci. Bot. 6: 225. 
1911; non Valet. 1910. 
Philippines. 


Nauclea subdita (Korth.) 
Platanocarpum subditum Korth. Obs. Naucl. Ind. 19. 1839 (nomen); 
Verh. Nat. Gesch. Bot. 133, pl. 32. 1840. 
Sarcocephalus subditus Miq. Fl. Ind. Bat. 2: 133. 1856. 
Malay Peninsula, Borneo, Sumatra, and Java. 


Nauclea tenuiflora (Havil.) 
Sarcocephalus tenuiflorus Havil. Journ. Linn. Soc. Bot. 33: 32. 
New Guinea. 

Nauclea trillesii (Pierre) 
Sarcocephalus trillesii Pierre ex Wildem. Not. Pl. Util. Congo 37. 
Trepical Africa. 

Nauclea undulata Roxb. Fl. Ind. ed Carey, 1: 508. 1832. 
Sarcocephalus undulatus Miq. F1. Ind. Bat. 2: 133. 1856. 
Malay Archipelago and New Guinea. 


Having demonstrated that logically, historically, and under 
all rules of botanical nomenclature those species which have been 
described under Sarcocephalus must be transferred to Nauclea, 
it becomes necessary to establish a new generic name for the 
more numerous species that have been described by many 
authors since Linnaeus under the latter generic name. In my 
quest for a published name I have even looked up the original 
publications of the various synonyms placed under Cephalanthus 
Linn., but none of them are available for the species that have 
up to this time been placed under Nauclea. Acrodryon Spreng. 
(Syst. 1:386. 1825) is based on Cephalanthus orientalis Lour.'® 

1° Loureiro, Flora Cochinchinensis, 67. 1790, under Cephalanthus occidentalis: 
“Si cum Ceph. Americano (mihi non obvio) non conveniat, vocetur Ceph. 


orientalis.”’ 
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and C. angustifolius Lour. From Loureiro’s description the 
former is a true Nauclea (Sarcocephalus), for the fruits are de- 
scribed as edible and baccate, while the latter is a true Cephal- 
anthus, the type of which Haviland has examined in the herbarium 
of the British Museum. Azolus Rafinesque (Sylv. Tellur. 
61. 1838) is based on Cephalanthus angustifolius Lour., and 
is a proper synonym of Cephalanthus. Eresimus Rafinesque 
(loc. cit.) is based on Cephalanthus stellatus Lour., which is 
cited by Haviland as a synonym of Cephalanthus angustifolius 
Lour. Gilipus Rafinesque (loc. cit.) is based on Cephalanthus 
montanus Lour., which Loureiro has described as having alternate 
leaves. If Loureiro’s description is correct, Gilipus does not 
even belong to the Rubiaceae, and from other characters given, 
such as leaves crenate, rough, and flowers dioecious, the plant 
even if rubiaceous can scarcely belong to the Naucleeae. Sili- 
manus Rafinesque (op. cit. 60) is based on Cephalanthus procum- 
bens Lour., which like Gilipus cannot be a rubiaceous plant, if 
Loureiro’s description is correct, as the leaves are described as 
alternate; the description otherwise as to habit, flowers dioecious, 
and other characters, at once removes the plant from the 
Naucleeae. 

The list of synonyms of Sarcocephalus, Nauclea, and Cephal- 
anthus being exhausted, and none of them being applicable to the 
numerous species that have erroneously been placed in Nauclea, 
I propose for these species the new generic name Neonauclea 
as a substitute for Nauclea as described by Korthals,'' by Bent- 
ham and Hooker,'’? by K. Schumann,' and by Haviland." 

Neonauclea as now constituted contains nearly 50 species, and 
extends from India to New Guinea. Unlike Nauclea proper 
(Sarcocephalus Afzel.) no species have been reported from tropi- 
cal Africa, from tropical Australia, or from Polynesia. I trans- 
fer to Neonauclea the following species. 


! Observationes de Naucleis Indicis, 17. 1839. 

12 Genera Plantarum, 2: 31. 1873. 

13 In Engler and Prantl, Natiirlichen Pflanzenfam. 44: 57. 1891. 

14 Revision of the Tribe Naucleeae. Journ. Linn. Soc. Bot. 33: 48. 1897. 
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NEONAUCLEA Merrill. 
Neonauclea angustifolia (Havil.) 
Nauclea angustifolia Havil. Journ. Linn. Soc. Bot. 33:55, pl. 3. 1897. 
Borneo. 
Neonauclea ategii (Elm.) 
Nauclea ategit Elm. Leafl, Philip. Bot. 5: 1877. 1913. 
Philippines. 
Neonauclea bartlingii (DC.) 
Nauclea bartlingit DC. Prodr. 4: 344. 1830. 
Bancalus bartlingii O. Ktze. Rev. Gen. Pl. 1: 276. 1891. 
Philippines. 
Neonauclea bernardoi (Merr.) 
Nauclea bernardoi Merr. Philip. Journ. Sci. Bot. 10: 101. 1915. 
Philippines. 
Neonauclea calycina (Bartl.) 
Nauclea calycina Bartl. in DC. Prodr. 4: 346. 1830. 
Nauclea purpurascens Korth. Verh. Nat. Gesch. Bot. 158. 1840. 
Philippines and Borneo. 
Neonauclea celebica (Havil.) 
Nauclea celebica Havil. Journ. Linn. Soc. Bot. 33: 54. 1897. 
Celebes. 
Neonauclea chalmersii (IF. Muell.) 
Nauclea chalmersii F. Muell. Notes Papuan Pl. 8:44. 1886. 
New Guinea. 
Neonauclea cordatula (Merr.) 
Nauclea cordatula Merr. Philip. Journ. Sci. Bot. 8: 40. 1913. 
Philippines. é 
Neonauclea cyclophylla (Miq.) 
Nauclea cyclophylla Miq. Ann. Mus. Bot. Lugd.-Bat.4:181. 1868-69. 
Moluccas. 
Neonauclea cyrtopoda (Miq.) 
Nauclea cyrtopoda Miq. FI. Ind. Bat. 2: 342. 1856. 
Borneo and Sumatra. 
Neonauclea excelsa (Blume) 
Nauclea excelsa Blume, Bijdr. 1009. 1826. 
Java. 
Neonauclea fagifolia (Teysm. & Binn.) 


Nauclea fagifolia Teysm. & Binn. Cat. Hort. Bogor. 117. 1866 
(nomen); Havil. in Journ. Linn. Soc. Bot. 33: 63. 1897. 


Amboina. 
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Neonauclea formosana (Matsum.) 
Nauclea formosana Matsum. Bot. Mag. Tokyo 14: 127. 1900. 
Formosa. 
Neonauclea forsteri (Seem.) 
Nauclea forsteri Seem. Fl. Vit. 121. 1865-73 
Bancalus forsteri O. Ktze. Rev. Gen. Pl. 1: 277. 1891. 


‘ 
Philippine, Society, Tonga, Samoa, and Fiji Islands. 


Neonauclea gageana (King) 
Nauclea gageana King, Journ. As. Soc. Beng. 72°: 123. 1903. 
Andaman Islands. 


Neonauclea gigantea ( Valet.) 
Nauclea gigantea Valet. Bot. Jahrb. Engler 44:549. 1910. 
Borneo. 


Neonauclea gracilis (Vidal) 
Nauclea gracilis Vidal, Phan. Cuming. Philip. 176. 1885. 
Bancalus gracilis O. Ktze. Rev. Gen. Pl. 1: 277. 1891. 
Philippines. 


Neonauclea griffithii (Hook. f.) 
Adina griffithit Hook. f. Fl. Brit. Ind. 3: 24. 1880. 
Nauclea griffithii Havil. Journ. Linn. Soc. Bot. 33: 51. 1897.° 
India. 


Neonauclea hagenii (K. Schum. & Lauterb.) 
Nauclea hagenii K. Schum. & Lauterb. Fl. Deutsch. Schutzgeb. 
Siidsee 557. 1901. 
New Guinea. 
Neonauclea havilandii (Koord.) 
Nauclea havilandii Koord. Meded. Lands Plant. Buitenz. 19: 498. 
L898. 
Celebes. 


Neonauclea jagori (Merr.) 


Nauclea jagori Merr. Philip. Journ. Sci. Bot. 4: 326. 1910. 
Philippines. 


Neonauclea kentii (Merr.) 
Nauclea kentii Merr. Philip. Journ. Sci. Bot. 8: 43. 1913. 
Philippines. 

Neonauclea lanceolata (Blume) 
Nauclea lanceolata Blume, Bijdr. 1010. 1826. 
a affinis O. Ktze. Rev. Gen. Pl. 1: 276. 1891. 
JaVA. 
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Neonauclea media (Havil.) 
Nauclea media Havil. Journ. Linn. Soc. Bot. 33: 56. 1897. 
Philippines. 

Neonauclea mindanaensis (Merr.) 
Nauclea mindanaensis Merr. Philip. Journ. Sci. Bot. 8: 44. 
Philippines. 

Neonauclea mollis (Blume) 
Nauclea mollis Blume, Bijdr. 1010. 1826. 
Bancalus mollis O. Ktze. Rev. Gen. Pl. 1: 277. 1891. 
Java. 

Neonauclea moluccana (Miq.) 
Nauclea moluccana Miq. Ann. Mus. Bot. Lugd.-Bat. 4: 183. 1868-69. 
Buru. 


Neonauclea monocephala (Merr.) 
Nauclea monocephala Merr. Philip. Journ. Sci. Bot. 8: 44. 1913. 
Philippines. 

Neonauclea morindaefolia (Blume) 
Nauclea morindaefolia Blume, Bijdr. 1011. 1826. 
Java. 

Neonauclea nicobarica (Havil.) 
Nauclea nicobarica Havil. Journ. Linn. Soc. Bot. 33:59. 1897. 
Nicobar Islands. 


Neonauclea nitida (Havil.) 
Nauclea nitida Havil. Journ. Linn. Soc. Bot. 33: 5 
Philippines. 


Neonauclea obtusa (Blume) 
Nauclea obtusa Blume, Bijdr. 1009. 1826. 
Bancalus obtusus O. Ktze. Rev. Gen. Pl. 1: 277. 1891. 
Bancalus cordatus O. Ktze. op. cit. 276. 1891. 
Java and Sumatra. 

Neonauclea ovata (Merr.) 
Nauclea ovata Merr. Philip. Journ. Sci, Bot. 8:42. 1913. 
Philippines. 

Neonauclea pallida (Reinw.) 
Nauclea pallida Reinw. ex Blume Cat. Gew. Buitenzorg 38. 1823. 
Sumatra and Java. 


Neonauclea peduncularis (G. Don) 
Nauclea peduncularis G. Don, Gen. Syst. 3: 469. 1834. 
Bancalus peduncularis O. Ktze. Rev. Gen. Pl. 1: 277. 1891. 
Malay Peninsula and Borneo. 
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Neonauclea philippinensis (Vidal) 
Adina philippinensis Vidal, Rev. Pl.’Vasce. Filip. 148. 1886. 
Nauclea philippinensis Havil. Journ. Linn. Soc. Bot. 33: 52. 1897. 
Philippines. 


Neonauclea puberula (Merr.) 
Nauclea puberula Merr. Philip. Journ. Sci. Bot. 8: 41. 1913. 
Philippines. 


Neonauclea reticulata (Havil.) 
Nauclea reticulata Havil. Journ. Linn. Soc. Rot. 33: 62. 1897. 
? Nauclea formicaria Elm. Leafl. Philip. Bot. 3: 989. 1911. 
Philippines. 


Neonauclea sessilifolia (Roxb.) : 
Nauclea sessilifolia Roxb. Fl. Ind. ed. Carey 1: 515. 
India and Cochin China. 


\ 


Neonauclea strigosa ( Korth.) 
Nauclea strigosa Korth. Verh. Nat. Gesch. Bot. 157. 1840. 
Bancalus strigosus O. Ktze. Rev. Gen. Pl. 1: 277. 1891. 
Borneo and the Philippines. 


Neonauclea synkorynes (Korth.) 
Nauclea synkorynes Korth. Verh. Nat. Gesch. Bot. 160. 1840. 


Bancalus synkorynes O. Ktze. Rev. Gen. Pl. 1: 277. 1891. 
Borneo, Celebes, and Cambodia. 


Neonauclea tenuis (Havil.) 
Nauclea tenuis Havil. Journ. Linn. Soc. Bot. 33:55. 1897. 
New Guinea. 

Neonauclea venosa (Merr.) 
Nauclea venosa Merr. Philip. Journ. Sci. Bot. 8: 45. 
Philippines. 


Neonauclea vidalii ( lm.) 
Nauclea vidalii Elm. Leafl. Philip. Bot. 1: 16. 1906. 
Philippines, 

Neonauclea wenzelii (Merr.) 
Nauclea wenzelii Merr. Philip. Journ. Sci. Bot. 9: 386. 1914. 
Philippines. 


Neonauclea zeylanica (Hook. f.) 


Nauclea zeylanica Hook. f. Fl. Brit. Ind. 3: 26. 1880. 
Bancalus zeylanicus O. Ktze. Rev. Gen. Pl. 1: 277. 1891. 


Ceylon. 
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ANTHROPOLOGY.—The origin of the unit type of Pueblo 
architecture. J. WatTeR Frwxkes, Bureau of American 
Ethnology. 


An important step in the study of the origin of the pueblos 
of our Southwest was the recognition, by Dr. T. Mitchell Prudden, 
of the “unit type,’’ from which more complex architectural 
forms may have been evolved. This “‘unit type,’’ so well defined 
by him,? consists of a row of rooms with consolidated walls and 
extensions at right angles from each end, directly in front of which 
is a circular subterranean ceremonial chamber, or kiva, and near 
by a cemetery with other features. Another important advance 
in the study of pueblos was the recognition of the existence of an 
architectural type known as the pre-puebloan, preceding the 
“unit type.”’ The object of the present paper is to consider a 
cause that may have developed the ‘‘unit type” of habitation 
from the pre-puebloan. 

The accepted classification of our Southwestern sedentary 
Indians inhabiting terraced houses is based on differences in 
their languages, and includes the following stocks: Tanoan 
(Tewa, Tigua, Piros), Keresan, Zufii, and Hopi, to which list 
may be added others now extinct. 

It is evident that in ancient times each of these linguistic 
stocks inhabited a much larger area than its descendants, or 
those speaking the above-mentioned languages, now occupy. 
We know of a diminution in the number of villages, not only 
from legendary accounts, supplemented by archaeological data, 
but also from historical evidences. The number of inhabited 
villages in the Rio Grande region recorded in 1540 was larger 
than that existing at the present day. The rate of decrease of 
certain Pueblo stocks in historical times may even be determined, 
and the probability is that the number of inhabited pueblos in 
prehistoric times was considerably larger than when they were 
first visited by white men, although many were in ruins even at 
that time. We are hardly justified in supposing that the people 


1 Published by permission of the Secretary of the Smithsonian Institution. 
? American Anthropologist, n. 8., 5: 224. 1903; zbid., 16: 33. 1914. 
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who lived in all buildings now ruins spoke one of the surviving 
languages; or at all events we have not sufficient data to decide 
to what linguistic stock many of them should be assigned. The 
existing classification of Pueblos, according to Major Powell, 
is one of languages, not cultures; for linguistic data are not com- 
prehensive enough to include culture areas of Pueblos of the past. 

The first archaeological feature to be considered in a classi- 
fication based on the culture of people. whose language is unknown 
is architecture, the character of the houses. Sufficient evidence 
is accumulating to show that a greater uniformity existed in build- 
ings in the earliest times than later in their history. The most 
ancient people of our Southwest inhabited a type of dwelling 
which differed greatly from a Gila compound, like Casa Grande, 
and from a terraced pueblo, like Laguna. We find evidences of 
the existence of prehistoric dwellings, subterranean rooms of 
circular or rectangular forms, and of simple buildings above 
ground whose walls were constructed of stones or of logs with 
entwined twigs plastered with clay. Evidences may be adduced 
to show that there formerly existed in what is now called the 
pueblo area an antecedent more or less uniform culture, called the 
pre-puebloan, in which habitations were solitary, the rooms un- 
connected and one story high. This pre-puebloan type of habi- 
tation is widespread; it has been reported even from localities 
where the true pueblo style of building was later evolved, while 
on the periphery of the pueblo area the single one-house type 
survived into historic times and was never submerged by more 
complex forms. This early simple style, recognized by Mr. C. 
Mindeleff, Baron Nordenskiéld, Cushing and others, is here re- 
garded as the nucleus from which later types have sprung. 

When we examine the present distribution of ruins in our 
Southwest it is found that they fall geographically into northern 
and southern groups, separated by a line extending from Fort 
Craig on the Rio Grande, along the rim of the Mogollons to Oak 
Creek, Arizona, and thence north to the mouth of the Little 
Colorado. One of these areas may be called the northern, the 
other the southern. They differ in climatic, biologic, and other 
environmental conditions, to which mgy be traced in part marked 
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cultural differences. The most ancient habitations of both 
these areas have architectural features in common, as simple 
houses, and natural and artificial cave-dwellings. There exist also 
marked architectural differences; in the south the dwellings are 
large and isolated, grouped into rancherias, or, when communal, 
contracted into compact blocks of rooms. The inhabitants of 
these buildings looked for protection to the latter or to fortifi- 
cations called trincheras, situated on the neighboring hillsides. 
They had no specialized ceremonial rooms, called kivas, and few 
if any of the ruins were terraced or had more than one story. 
The dwelling of the southern group closely resembles those of 
an early epoch, of which they may be a survival or of a time when 
there were slight differences in the buildings in the several geo- 
graphical regions of the Southwest. A close similarity exists 
between these earliest habitations and those of southern Cali- 
fornia or of the plains east of the pueblo region. In course of 
development, differentiation, however, soon came about by 
reason of climatic influences and the pressure of hostile tribes, 
the nature of which in the southern area does not concern us in 
this discussion. 

Did the terraced compact form of architecture in the north 
and the isolated type of dwellings with communal houses in the 
south arise independently in these two regions, or was one evolved 
from the other? My answer would be that there is no relation 
of sequence, but that each originated independently and developed 
from a common type. The pueblo form was not due to extra- 
territorial influences from the southern area, as suggested by some 
archeologists, but is the result of local growth through a stage 
when defence was necessary. We need not follow those who 
regard the ‘‘unit type”’ as a cultural phase, but may look upon it 
as a cultural stage from which the pueblo evolved. But here we 
must discriminate, for there are cliff-habitations on the Upper 
Gila and in the Sierra Madre in Mexico that are morphologically 
different from those of the Mesa Verde, Colorado, and those 
along the San Juan. These latter cliff-dwellings are stages in 
the development of terraced pueblos; the former may have been 
phases of architecture adapted to use in caves. 
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An important contribution to our knowledge of prehistoric 
culture evolution in the Southwest is the recognition that form 
and symbolic designs on prehistoric pottery are more important 
than color, in a determination of chronology. When we study 
the geographical distribution of designs on food bowls and vases, 
we find it possible to identify roughly the pre-puebloan, partially 
by color and form, but mainly by the character of ceramic sym- 
bolism, which gives a cultural classification corresponding with 
that built on architectural features. The various complicated 
types of designs appearing in the several regions are comparatively 
late in evolution; with this diversity there exist certain common 
geometrical designs almost identical throughout the whole South- 
west. There are localities in which these simple geometrical 
forms make up the majority of decorative motives;* there are 
others in which they are subordinate to, or more or less replaced 
by, a specialized symbolism characteristic of different regions. 
It is a significant fact that while geometrical decoration reached 
a high development in cliff-houses, what is most important is that 
such designs as life figures rarely occur there, although abundant 
in pueblos which are believed to be of later development. The 
designs on cliff-dwellers’ pottery are practically pre-puebloan 
survivals. 

Objections may be made to the statement that the pre- 
puebloan culture is characterized by the geometrical nature of 
pottery designs and a poverty of life figures, since the inhabit- 
ants of the Mimbres valley decorated their bowls with a wealth 
of human and animal designs unsurpassed in the Southwest; 
especially as it has been held elsewhere that the prehistoric 
inhabitants of the Mimbres were not Pueblos, but belonged to 
an earlier culture. The Mimbres people were not in the evolu- 
tionary series above considered; their geometrical designs on 
pottery are radically different from the so-called pre-puebloan 
of the north. 


3 As a rule, black and white ware is archaic and older than red, or polychrome, 
and the prevailing decorations on it are geometric designs. It is essentially 
cliff-dwelling pottery, but not confined to caves. 
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The conclusion arrived at by a comparative study of the 
simple or complicated designs on cliff-dwellers’ pottery is that 
they represent a past stage of culture, and that the presence 
of the same in pueblo ruins accompanied by more complicated 
designs, realistic or symbolic, is a survival. 

Bearing in mind what is said above, let us pass to the con- 
sideration of the causes that have led to the formation of the 
“unit type’’ from the pre-puebloan. The main cause is a desire 
for protection from enemies, which led to the choice of sites for 
habitations on inaccessible mesa tops or in caves. In some 
instances the’“‘unit type’’ was formed in the open, directly from 
the pre-puebloan, but in certain localities it was developed in 


caves. 

Nordenskiéld seems to the author to have expressed better 
than any other archeologist the cause which developed the pueblo 
form of architecture. He writes: ‘“The manner in which the 
villages are built, the numerous small rooms huddled together 
in one large structure, and the several stories rising in terraces 
one above another can be explained only on the assumption 


that this architecture was developed during the construction 
of houses in the caves, where the crowded grouping of the apart- 
ments and the erection of several stories were necessitated by 
the confined space. This circumstance has already been pointed 
out by Cushing with respect to the Zufii villages.”"* The author 
regrets that this writer has not discussed more at length the 
evidences which led him to state so confidently that there was 
a secondary occupation of some of the cliff-houses of the Mesa 
Verde. He writes ‘‘We are forced to conclude that they [cliff- 
houses] were abandoned later than the villages on the mesa,” 
and, later, ‘‘they [cliff-houses] were first abandoned, and had 
partly fallen into ruin, but were subsequently repeopled, new 
walls being now erected on the ruins of the old.’’ The rea- 
son for this belief he briefly states to be the “superposition 
of walls constructed with the greatest proficiency on others built 
in a more primitive fashion.’’ This difference in masonry might 


4 The Cliff Dwellers of the Mesa Verde. Stockholm, 1893. 
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account for a later rebuilding of a room, rather than abandon- 
ment and secondary occupation of a cliff-house, but even that is 
a doubtful interpretation, for foundation walls were often more 
roughly constructed than those built upon them, at the same 
epoch. It is still an open question whether such a ruin as Com- 
munity House, on the Mesa Verde, was abandoned earlier than 
the neighboring Cliff Palace. The author has seen no adequate 
evidence to prove that the Mesa Verde cliff-houses were deserted 
later than the villages on the Mesa.° 

In southern Colorado and northern Arizona, where caves are 
especially commodious and abundant,. pre-puebloan man moved 
into them for protection from foes, building his single-roomed 
isolated dwelling in one of the most convenient.’ Later his 
clan or family was joined by others or increased naturally in 
numbers. Rooms to accommodate the increase multiplied until 
the floor space of the cave, which at first was ample for founda- 
tions of habitations, became too small, and the houses were 
crowded together; later the people were so hard pushed for space 
upon which to build their habitations that they were obliged, 
when cave floors failed, to erect rooms on the roofs of houses 
already occupied, thus imparting a terraced form to the structure. 


5 This of course does not mean that now and then there has not been a second- 
ary occupation of certain well known cliff-houses; thus the Asa clans of the Hopi 
inhabited caves in Chelly canyon well into the historic epoch. The pre-puebloan 
houses were of course abandoned when their inhabitants moved into the cliffs. 

® The cliff-pueblos of the Navajo National Park, in northern Arizona, have 
several architectural features different from those of the Mesa Verde, but show 
the transition from a pre-puebloan habitation to the ‘‘unit type.’’ The construc- 
tion of rooms and kivas in this region is much ruder, the walls as a rule being made 
of undressed stones, or of clay or adobe laid on wattles, supported by upright 
logs. A circular ceremonial opening corresponding to a Hopi or Mesa Verde 
stpapu has not yet been described or figured from this region, although there 
are depressions in the floors of some of the rooms which have been given that 
name. The feature in a kiva which the author identifies as the same as the sipapu 
of the Hopi kiva is a smali circular hole having a diameter of a few inches, situated 
in the floor about midway between the fireplace and the kiva wall, on the side 
opposite the deflector. Other holes or depressions are also found in kiva floors. 
Some of these, as fire-holes, may be ceremonially known as sipapus. These are 
not the same, however, as the sipapus of the Hopi kivas, nor have they the same 
symbolic interpretation. 





FEWKES: UNIT TYPE OF PUEBLO ARCHITECTURE 549 


Thus the restricted area of the cave led to modification of 
the pre-puebloan type of dwellings and developed them into 
terraced communal houses since called the “unit type.’”’ Secur- 
ity dependent on life in caves having become less necessary on 
account of the increase of numbers, the cliff-dwellers later moved 
out of the caves to sites on the mesa tops, and afterwards into 
the valleys, carrying with them this type of architecture, born 
in caves. Through conservatism they still retained this “unit 
type,’’ which was partially preserved by the matriarchal system 
of house holding and clan descent, even after several ‘‘unit types”’ 
had united to form a complex modern pueblo. 

The question naturally arises: Which of the surviving linguistic 
stocks above mentioned may be regarded as nearest related to 
that of the early culture when the “unit type’’ originated? 

Studies of the migration stories, myths, and ceremonies still 
surviving among the Hopi and the Zufii point to the so-called 
Keres as the most ancient linguistic stock. This stock is now 
shrunken in its distribution, surviving in the pueblos of Laguna, 
Cochiti, Acoma, Sia, Santo Domingo, and a few smaller villages. 
The cultural center of the area in which the “unit type”’ originated 
was the San Juan, the Chaco, and Chelly canyons, and the valley 
of the Puerco. The Keres pueblos are situated approximately 
on its southern boundary, while on the east side their influence 
extended as far as the Rio Grande or crossed to the left bank. 
Survivals of this stock are still represented in many pueblos, 
speaking other Pueblo languages, showing that Keresan clans 
were widely distributed in prehistoric times. It is probable that 
colonies from its cultural center migrated into northern Arizona, 
and that some of its clans followed down the San Juan river to 
the region now occupied by the Hopi villages. Keresan colonies 
were planted near Zufii and contributed originally to the modi- 
fication of this pueblo, the nucleus of which, as shown by 
Cushing, was a group of clans from the Gila basin migrating 
by way of the Little Colorado. 

The cause of the origin of the several minor forms in pueblo 
architecture is secondary to that which led to the evolution of 
the ‘‘unit type;” for instance, in the ancient Keres culture area 
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there are rectangular ruins, round ruins, and circular kivas of 
subterranean character, as well as the terraced houses which 
distinguish the consolidated community dwellings. Archaic 
pueblo cults, as those of the Snake dances (Acoma, Sia, Laguna, 
and Hopi), some of which are extinct, and others (as of the Hopi) 
still celebrated, distinguish in a measure the ancient pre-puebloan, 
and were transmitted into Keres culture.’ 

There are not enough data at hand to show that the Keresan 
language was once spoken on the San Juan or throughout north- 
ern New Mexico or southern Colorado; legends declare that 
Keresan colonists have introduced Keresan rites, songs, and 
prayers in the distant pueblos Zufii and Hopi, and elsewhere. 
While we may never know the speech of the ancient pre-puebloan 
inhabitants or of the cliff-dwellers, there are legends among 
Pueblos that their ancestors inhabited caves, and strangely 
enough the Navajo Indians have a like legend for their oldest 
clan. 

The area above identified shows evidences of long occupation 
by man, and in it occur some of the finest terraced-house ruins 
in the Southwest. Although it is commonly believed that 


the particular form of buildings that characterize the pueblos 
was derived from Mexico, there is little in comparative data to 
support this conclusion. Aboriginal terraced buildings are not 
found in Mexico or in California.* It is more probable that this 


7 The known association of Snake dances and Snake clans and their presence 
in the Keresan pueblos Sia, Acoma, and old Laguna, as well as at Hopi, may 
play an important réle, when enough data are collected to permit an intelligent 
discussion of the theory of a close kinship between the inhabitants of the San 
Juan pueblos and the Keres and Shoshoneans (as Paiute and others). The Hopi 
claim that their Snake clan and its festival, the Snake dance, came from Toko- 
nabi on the San Juan, and that the Acoma Snake dance, now extinct, came from 
the same region. 

8 The observation that ‘“‘casas grandes a la manera de los de la Nueva Espana,”’ 
and ‘‘pueblo-like’’ settlements are found on the California coast, as stated by 
Cabrillo (Doc. Ined. de Indias, 3: 401, 412-13; 5: 491; 14: 177, 181.) is believed 
to be too indefinite to support the theory that terraced pueblos were intended. 
The ruins Quiarra and Abojo in Lower California, mentioned by Johann Xantus 
(Globus, 1861, p. 143), and referred to pueblos by Fritz Krause, in his excellent 
monograph on pueblos, are not terraced, and do not belong to the true pueblo 
type as limited by the author of the present article. 
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unique culture was autochthonous, being largely due to environ- 
ment. Judging from the characteristics of the ruins and the 
evidences of their antiquity, it is much more likely that the ter- 
raced-house architecture in our Southwest arose in a region of 
eaves like those of the San Juan, and reached its highest develop- 
ment in the Chaco canyon, or in the Rio Grande valley. Where- 
ever we find this peculiar form outside this area it can be traced 
either to the influence of colonists that had migrated from this 
center of distribution or to transmission of cultural ideas. 

But the Keresan were not the only group of ancient seden- 
tary people with community dwellings, in the Southwest. Com- 
pact buildings existed along the Gila river, in early times, and 
dwellings ascribed to another stock are found in the Rio Grande 
valley. Prominent among the latter may be mentioned an- 
cestors of a Tanoan people who inhabited northern New Mexico; 
valleys peopled by them extend along the upper Rio Grande 
valley, from Taos to Isleta, and as far west as Jemez. In the 
early days the Tanoans also probably did not build terraced 
houses or pueblos; they may have become acquainted with this 
specialized architecture, and circular ceremonial rooms, or 
kivas, through association with other peoples, or even have ac- 
quired it independently. There are at the present time evidences 
of variation in the composition of this people, which is believed 
to have originated from a mixture of Tanoans with Keresan 
clans and wilder nomads from the Great Plains or elsewhere. 
So great was the mixture that the various members of the Tanoan 
stock speak widely divergent dialects of the Tewa language, as 
evidenced by the Taos and Isleta. 

The third of the great prehistoric culture areas of the South- 
west, the inhabitants of which were linguistically allied to the 
Tanoan, especially Jemez, once extended from the pueblo Pecos, 
a few miles east of Santa Fe, to the border of Texas,° following 
down the Pecos river, which practically formed its eastern border, 
and extending through the salt regions (Salinas) near Alama- 
gordo, on the eastern side. The pre-puebloan habitations of 


® A ruin is marked on the ‘‘Engineer’s Map’’ (1877) on the Pecos in Texas, 
but this site has not been verified. 
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this area were clusters of houses, generally isolated, which in 
some places, however, had been built closer together, either 
for protection or because of the influx of Pueblos. This was 
practically a region of agricultural tribes and buffalo hunters.'° 

Bordering the prehistoric Keres on the south and the west 
we find evidences of the existence of an extensive population 
along the headwaters of the Gila and the Little Colorado, includ- 
ing the inhabitants of several fertile valleys along numerous 
tributaries. The language spoken in this region is unknown, 
and the culture has not been connected with any special pueblo 
area, but this culture was greatly modified by admixture with 
incoming Keres and Tewa clans. Zufi, on a tributary of the 
Little Colorado, was modified, as shown by Mr. Cushing, by 
clans of Keres stock that inhabited the “‘round”’ ruined pueblos," 
and later by Tanoan elements, which joined it not long before 
1540, the beginning of the historic epoch. 

A word should be said, in closing this brief discussion, on the 
relation of the Casa Grande or “‘compound type,’’!” characteristic 
of the Gila and Salt River valleys, and the pueblo proper. This 
architectural type, like the true pueblo, originated independently 
in the valley in which it is now found. The interpretation of 
its relation to the true pueblo is that both were evolved from a 
common pre-existing type, the so-called pre-puebloan. 

The same explanation of independent origin holds also in re- 
gard to Sierra Madre plateau, or “Casas Grandes’’ type, and 
that found among the prehistoric inhabitants of the Mimbres 
valley, southern New Mexico. This latter culture, like terraced 
pueblos, was evolved independently in the valley in which its 
remains are now found. It likewise was preceded by a culture 
comparable, in architectural features, with the pre-puebloan, 
a type represented by great buildings, Casa Grandes, in the 
south, and highly developed pottery symbols in the north. 

‘© The Pecos language survived to within a few years in a small, extra-terri- 
torial village on the Rio Grande near El Paso, but is now extinct. 

'' Matyata (‘‘Archeotekopa’’), Jour. Amer. Arch. Eth., 1: 2. 1891. 

" The ‘‘compound”’ type is so clearly defined in the author’s report on Casa 


Grande (28th Ann. Rept. Bureau of American Ethnology) that only confusion 
will result if true pueblos are designated ‘“‘compounds.”’ 





PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
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THE WASHINGTON ACADEMY OF SCIENCES 


The 98th meeting of the Washington Academy of Sciences, a joint 
meeting with the Biological Society, was held on Thursday, March 11, 
1915, at 8.30 p.m. in the Auditorium of the New National Museum. 
Mr. Witrrep H. Osaoop, of the Field Museum of Natural History, 
gave a lecture on Fur seals and other animals on the Priblof Islands. 

Mr. Osgood was engaged in a special investigation of the fur seal 
question for the Department of Commerce during the summer of 
1914, and therefore had had unusual opportunities to become well 
informed on this subject, which he discussed from both the biological 
and economic standpoints. The life history of the seal and other ani- 
mals that inhabit or frequent the Priblofs was explained and made 
especially vivid by numerous lantern slides and by motion pictures. 


The 99th meeting of the Academy was held Thursday, March 18, 
1915, at 4.45 p.m., in the Auditorium of the New National Museum. 
Dr. ArtHuR L. Day, Director of the Geophysical Laboratory of the 
Carnegie Institution, gave an illustrated lecture on The volcano Kilauea 
in action. Dr. Day explained that the somewhat hazardous and un- 
comfortable trip into the crater was made for the purpose of studying 
the processes, chemical and physical, that take place in active volcanoes. 
By the accidental formation of a lava dome over active molten lava 4 
rare opportunity was offered, and fully utilized, for collecting a con- 
siderable quantity of volcanic gases before there had been any opportun- 
ity for contamination with the atmosphere. These had been studied 
in detail and, among other important results, the presence of consider- 
able quantities of water vapor definitely confirmed. 


The 100th meeting of the Academy was held Thursday, March 25, 
1915, at 4.45 p.m. in the Auditorium of the New National Museum. 
Dr. N. A. Coss, of the Bureau of Plant Industry, gave an illustrated 
lecture on Nematodes, their relations to mankind and to agriculture. 
It was explained that nematodes are amost universal in distribution; 
that they abound in every soil, swarm in the depths of the ocean, prey 
on all vegetation, infest animals of every species and man of every race. 
If forests and cities should disappear, leaving behind only their nema- 
todes, it would be quite possible for the scientist, judging by the num- 
bers and the species involved, accurately to locate not only every one 
of the lost cities and every vanished forest, but even in great measure, 
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the streets, the kinds of trees and other details. As abundantly demon- 
strated, the subject of nematodes, in addition to its unusual scientific 
interest, is also of great economic importance. 


The 10lst meeting of the Academy was held Thursday, April 1, 
1915, at 4.45 p.m., in the Auditorium of the New National Museum. 
Dr. CHARLES E. Munroer, Dean of Graduate Studies, George Wash- 
ington University, gave an illustrated lecture on High explosives and 
their effects. The nature of an explosion was made clear by reference 
to combustion, and the way in which it is facilitated by subdivision of 
the combustible. The history of each of the more importantexplo- 
sives was given. Its chemical structure, the process of its manufac- 
ture, and its uses, both in civil operations and in warfare, were all fully 
explained. In several cases the original ingredients and the final 
compound were all shown. Many surprising results produced by high 
explosives were illustrated by lantern slides, and a remarkable series 
of iron plates was exhibited on which high explosives had left impressions 
of leaves, laces, and other relatively soft and delicate objects. 


The 102d meeting of the Academy was held Thursday, April 8, 
1915, at 4.45 p.m., in the Auditorium of the New National Museum. 
Mr. W. D. Hunter, of the Bureau of Entomology, gave a lecture on 
Insects and their relation to disease. It was shown that with the dis- 
covery of Pasteur the empirical age of medicine began gradually to 
be replaced by an exact knowledge of the cause of disease and an under- 
standing, in many cases, of how to prevent it. A further great advance 


was made when it was clearly recognized that of several of themore 
formidable diseases, such as malaria, yellow fever, bubonic plague, 
sleeping sickness, and typhus fever, each depends not only for its trans- 
mission but even for its existence upon one or another species of insects; 
while still others, of which diphtheria and typhoid fever are typical 
examples, are similarly spread from place to place. Hence the relation 
of insects to disease is of the greatest importance. Sanitation, the pre- 
vention of epidemics, and the reduction of disease to a minimum is, 
therefore, a biological rather than a medical problem. 


The 103d meeting of the Academy was held Thursday, April 15, 
1915, at 8.30 p.m., in the Auditorium -of the New National Museum. 
Dr. R. 8. Woopwarp, President of the Carnegie Institution, gave a 
lecture on The Earth. The dimensions and mass of the Earth were given 
in terms of ordinary familiar units and, therefore, for the most part in 
exceedingly large numbers. The Earth was conveniently divided 
into four distinct but very unequal parts, namely: The atmosphere, 
concerning whose upper or outer portion but little is known; the hy- 
drosphere, essentially the oceans, which in many respects is well known; 
the lithosphere, or rocky crust, also comparatively well known; and the 
centrosphere, or all that part of the earth below its rocky shell. In — 
comparison with the other parts almost nothing is known of the 
centrosphere. 

W. J. Humpnureys, Recording Secretary. 
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THE PHILOSOPHICAL SOCIETY OF WASHINGTON 


The 754th meeting was held on March 13, 1915, at the Cosmos Club, 
President Eichelberger in the chair; 50 persons present. 

Mr. G. K. Bureess gave an illustrated account of Some researches 
in metals at the Bureau of Standards, describing investigations now 
being carried out on the preparation, properties, and failure of metals 
and alloys. The methods developed for determining critical ranges 
with the thermoelectric and resistance pyrometers and their applica- 
tion to pure iron in which the characteristics of the A, and A; trans- 
formations were brought out, were described. The application of the 
micropyrometer to the determination of monochromatic emissivities 
of metals and oxides in the solid and liquid states were demonstrated 
in the range 900° to 1700°C. Codéperative work with some of the 
technical societies in the preparation of alloys and the determination 
of suitable specifications for typical bronzes and brasses was described. 
A study of the volatilization of various grades of platinum ware with 
the object of forming a basis for defining the quality of such ware for 
exact chemical analysis has been made. Investigations are being made 
on the causes of failure of railway rails, the deterioration of fusitle tin 
boiler plugs, and failures of wrought bronzes and brasses used in engineer- 
ing construction. The paper was discussed by Messrs. WuirTe and C. A. 
BricGs with references to improved method for casting steel ingots and 
the precise character of stresses in bronze bolts and bars. 

Mr. W. Bowre then gave an illustrated account of The errors of 
precise leveling. Very accurate determinations of elevations above 
some adopted datum have been made possible by the great improve- 
ments of the wye level during the past half century. In 1912 the 
International Geodetic Association defined leveling of high precision 
as that which must have a probable accidental error not greater than 
1 mm. per kilometer and a probable systematic error not greater than 
0.2 mm. per kilometer. The effect of most of the errors of precise 
leveling can be eliminated by the method employed. There are, how- 
ever, errors of refraction in leveling on steep slopes which depend upon 
the time of day and the weather conditions. It is concluded from an 
investigation carried on at the Coast and Geodetic Survey that, on an 
average, the afternoon running gives a greater difference in elevation 
between two points than a morning running. The difference is greater 
in cloudy than in sunshiny or clear weather. It is also greater during 
wind than in calm. The speaker is of the opinion that the runnings in 
the afternoon in wind and in cloudy weather give results: nearer the 
truth than in the forenoon in calm and in sunshiny weather. In the 
discussion Mr. WINSTON gave some details of leveling across Florida; 
Mr. Buregss referred to possible lines across Mexico and the Isthmus 
of Panama for determining possible difference in the ocean levels; 
Mr. SosMAN raised question as to difference of results with time particu- 
larly on the Atlantic Coast; Mr. Buregss referred to possible effect of 
expansion coefficients of materials in ground on values. Mr. Bowie 
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stated that some redeterminations of elevations for old Coast and 
Geodetic Survey marks by the New York City survey indicated no differ- 
ences with time for stations set on solid rock; for one at Sandy Hook 
a subsidence of 0.35 foot is indicated; there is probably no error on 
account temperature changes because of constant conditions at slight 
depth and rapidity with which work is done. 


The 755th meeting was held at the Cosmos Club, March 27, 1915, 
President Eichelberger in the chair; 62 persons present. 

Mr. C. G. AsBort spoke on Recent progress in astronomy. The speaker 
summarized briefly results of recent discussion placing total number 
of stars between 1l.and 2 million, and determinations of proper motions 
and stellar drifts, reviewing particularly the work of Boss. Attention 

ras called to work on star spectra by Pickering and the types of spectra; 
the excellent agreement for position of apex of solar motion by measure- 
ments from displacement of spectrum lines by Pickering und from 
Boss’ discussion of star groups was pointed out. A brief review of our 
knowledge of star distances and the methods for determining them 
was given. 

Mr. L. J. Briae@s then presented an illustrated paper on A new method 
for measuring gravity at sea. The necessity of measuring the boiling 
point of water in connection with barometer readings in determining 
gravity at sea can be eliminated by the use of an apparatus in principle 
similar to a closed barometer, maintained at constant temperature. 
This was the method employed, the apparatus in addition being so de- 
signed that the enclosed mass of gas supporting the mercury column 
always occupied the same volume at the time of making the observa- 
tions. This avoids the necessity of measuring volume changes, and 
doubles the sensitiveness of the apparatus. The apparatus was con- 
structed of glass and consisted of a capillary mercurial column to reduce 
pumping, which expanded at the top into an evacuated spherical bulb, 
while the lower end of the column opened below a mercury surface in 
the pressure chamber. The evacuated bulb contained at its center : 
fixed reference peint. Above the air chamber the capillary was bent into 
a zigzag spring which allowed a small vertical adjustment of the ob- 
serving bulb, controlled by a micrometer screw. In making an observa- 
tion the bulb was so adjusted that the mercury surface was barely in 
contact with the fixed point. This confined the gas always to the same 
volume. The height of column was then read from the micrometer 
head. This arrangement avoids the necessity of any measurement of 
the position of the lower mercury surface. The whole apparatus can 
thus be kept surrounded by melting ice, which was used to maintain 
constant temperature. On board ship, the apparatus was swung on 
gimbals to secure verticality, and suspended from spiral springs to 
reduce vibration. Observations were made daily between Tahiti and 
San Francisco. The results indicate a slight excess of mass in this part 
of the ocean, particularly in latitude 16° to 24° north, and longitude 
130° to 135° west. The paper was discussed by Messrs. ABBot, Mar- 





-——— 


PROCEEDINGS: PHILOSOPHICAL SOCIETY 00 / 


vIN, PauL, WENNER, SWANN, and C. A. Briags, particularly with refer- 
ence to correction on account of velocity of ship, pumping effects and 
damping by decreasing diameter of capillary tube, correction due to 
mean variation of instrument from vertical, and effect of non-uniformity 
in ice’ packing. 


The 756th meeting was held on April 10, 1915, at the Cosmos Club, 
President Eichelberger in the chair; 43 persons present. 

Mr. W. Bowre spoke on Geodetic work of the Coast and Ceodetic 
Survey. Reference was made to the measurement of arcs in Europe 
in the 17th and 18th centuries, but for lack of time the history during 
the ages before the 19th century was not dwelt upon. The problems 
before the geodesist today were presented. Some of the earlier prob- 
lems have been solved, the measurement of base lines being one of 
them. The nickel-steel (invar) tapes and wires now in general use 
give results which are entirely satisfactory. The illustrations showed 
the instruments used in the several branches of geodetic surveying and 
the field methods were described. Every effort is made by the Survey 
to reduce the unit costs of the work without decreasing the accuracy 
of the results. The motor truck has been used successfully as the 
means of transportation for several seasons. Three of them will be used 
by the primary triangulation party this year on the Utah-Idaho line. 
Aside from the scientific value of the geodetic surveys they have great 
practical value, for they furnish the fundamental control for maps and 
surveys made by government and private organizations. The paper 
was discussed by Messrs. Winston, Curtis, Prigstiy, and L. A. 
FISCHER. 

Mr. R. B. Sosman then presented a paper by himself and Mr. J. C. 
Hostetter entitled Note on the magnetic properties of iron dissolved in 
platinum. This paper is printed in the Journal of the Washington 
Academy of Sciences, 5: 293. 1915. The communication was dis- 
cussed by Messrs. BurGEss and SwANN. 

Mr. H. E. Merwin then spoke on Chromatic reflection of covellite. 
(Published in the Journal of the Washington Academy of Sciences, 5: 
341-344. 1915.) The paper was discussed by Messrs. HUMPHREYS, 
PriEstLy, and C. A. Briaes. 

Mr. G. W. Vinat then spoke on The solubility of metallic silver in 
distilled water. The practice of nearly all observers with the silver 
voltameter has been to continue the washing of the deposit until the 
presence of silver nitrate can no longer be detected in the wash waters 
by chemical tests, but many have taken the further precaution of allow- 
ing distilled water to stand on the deposit for a considerable period of 
time. As a test on the completeness of the washing, Prof. G. A. Huterr 
ahd the speaker compared the conductivity of the water before being 
put in the cup with its conductivity after it had stood in the cup for 
various periods of time. In every case the conductivity increased 
with time. It was at first supposed that this increase was due to 
entrapped silver nitrate gradually soaking out, as the silver in the 
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water could be detected after allowing the water to stand over night. 
All subsequent experiments showed that this is not the case, but rather 
that an electrolytic process was taking place by which the silver was 
passing into solution at the rate of about 0.006 mg. per hour from a 
4 gram deposit of silver on platinum. Confirming this it was shown 
by a galvanometer that a current actually passed from the silver through 
the water to the platinum. In washing the deposits over night this 
effect becomes appreciable. The paper was discussed by Messrs. 
BurGess and C. A. Briges. 

Mr. M. James then spoke on A conducting paint. An electrically 
conducting paint has been obtained through the action of hydro- 
chloric acid on bronze powder. The resistance of a paint film depends 
largely upon the surface to be painted. The resistance increases with 
time; the rate of change, however, decreasing. For such surfaces as 
glass, wood, and paper, the resistance increases about 30 per cent in 
two months, and then is fairly constant. The resistivity of a painted 
surface is about 1000 times that of copper. The paper was discussed 
by Messrs. SWANN, PRIEsTLY, and BESSACHES. 


The 757th meeting was held on May 8, 1915, at the Bureau of Stand- 
ards, President Eichelberger in the chair; about 90 persons present. 
President Eichelberger called upon Vice-President Humphreys to take 
the chair for the meeting. Mr. Humpureys introduced the speaker 
of the evening, Prof. E. Norrurup, of Princeton University, who gave 
an experimental lecture on Some physical properties of matter at high 
temperatures. “Temperature was defined as a condition of matter which 


results from the disorganized motion of its molecules or atoms, as con- 
trasted with any organized motion which is impressed upon a mass 
as a whole. It was pointed out that any body tends to acquire a dis- 
organized motion of its ultimate parts, called its temperature, because 
this kind of motion is the most probable of all motions. A “visible 
molecules apparatus’ was exhibited which illustrated the above con- 
ception of temperature as well as some of the fundamental principles 
belonging to the kinetic theory of gases. With this apparatus, in which 
16,000 one-sixteenth-inch steel balls were caused to move in the manner 
of gas molecules, experiments were shown to illustrate change of pres- 
sure with temperature, the volume being constant, and change of 
volume with temperature the pressure being constant. With the aid 
of accessories attached to this apparatus the viscosity of a gas was illus- 
trated and an imitation was given of the Brownian movements. Other 
experiments which could be performed with this apparatus were de- 
scribed. It was stated that temperature was a unique condition of mat- 
ter and that it affects its manifested properties more than any other 
single condition to which matter may be subjected. 

The problem of the .electrical conduction of matter throughout 
the producible temperature range of some 4000°C. was discussed. 
Methods and apparatus were described and shown for experimentally 
studying the electrical conduction of matter in its solid, liquid, and 
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vapor phases. Two types of furnaces were operated, to show the 
production of very high temperatures. The advantage of using the 
sascade principle of heating was explained and a tungsten wire 1 mm. 
in diameter was melted in the cascade attachment to the larger model 
furnace exhibited. It was pointed out that temperatures up to 1680°C. 
may be accurately measured by means of the speaker’s new type tin 
pyrometer which makes use of the property possessed by molten tin 
of increasing in resistance linearly with the temperature. 

The characteristic facts of metallic conduction over a wide range 
of temperature were explained and several curves were thrown on the 
screen. The peculiarities of the electrical conduction of hot gases were 
described and it was explained how the unstable character of gas con- 
duction at very high temperature may be used to make a small fur- 
nace act in the capacity of a telephone receiver and talk. The com- 
monly accepted “free electron theory” of metallic conduction was ex- 
plained and reasons given why the theory appears quite inadequate 
to account for experimental facts. A new hypothesis, which the 
speaker called the “electric transport theory’”’ of conduction, was 
briefly explained. The lecture concluded with a plea for employing 
experimental methods of investigation in acquiring new knowledge of 
the properties of matter under all temperature conditions. As a final 
experiment an electromagnetic piece of apparatus which the speaker 
ealled ‘‘an electric Jack-in-the-box,” was shown. 

The Chair expressed to Professor Norturup the appreciation and 
thanks of the members of the Society and guests present for his inter- 
esting and instructive lecture and experiments. 


The 758th meeting was held on May 22, 1915, at the Cosmos Club, 
President Eichelberger in the chair; 30 persons present. 

Mr. C. E. Van Orstranp presented a paper by himself and Mr. 
F. P. Dewey entitled Preliminary report on the diffusion of solids. 
The coefficients of diffusion of gold into lead at temperatures of 100°, 
150°, and 197°C. were found to be in close agreement with values ob- 
tained by Roberts-Austen. Preliminary tests on the variation with 
pressure of the coefficients of diffusion of gold into lead were not conclu- 
sive, but point to the possibility that the coefficient is increased. Va- 
rious methods of determining the constants of the Fourier integral which 
represents the diffusion of heat and of substances in solution were dis- 
cussed for the case of constant initial quality. The exceptional agree- 
ment between the observed and theoretical curves was emphasized. 
The paper was discussed by Messrs. HumMpHrReys and Swann. 

Mr. H. C. Dicktnson then spoke on The specific heat of ice at tem- 
peratures near the melting point, presenting results obtained in co- 
operation with Mr. N.S. Osporne. (Published in the Journal of the 
Washington Academy of Sciences, 5: 338-340. 1915.) 

Mr. W. D. Lambert then spoke on An exact formula for theoretical 
gravity at the earth’s surface. The mathematical expressions usually 
given for the force of gravity at the earth’s surface constitute only 2 
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or 3 terms of an infinite series. An expression in closed form may be 
derived, if it is assumed that the surface of the earth is an equipotential 
surface having the form of an ellipsoid of revolution. The expression 
for the surface gravity g is: 


/ 2 
g= (V1 —e’ sin’ o + mef (e) Fer otal °). 
—e sin’ ¢ 


In this equation gp is the force of gravity at the equator, e is the eccen- 
tricity of a meridian ellipse, g is the geographic latitude, m is ratio 
of the centrifugal force at the equator to gravity there, and 
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the Q’s being zonal harmonies of the second kind. An expression was 


also derived for the rate of decrease of gravity with elevation above 


og 
oh’ 
the earth’s surface, the results agreeing with those derived from a for- 
mula given by Helmert. Attention was drawn to the fact that Hel- 
mert’s formula is really a geometrical interpretation of Laplace’s equation 
and hence is more general than might appear from Helmert’s proof of 
it. The paper was discussed by Messrs. Swann and L. J. Briaas. 
J. A. FLEMING, 
Secretary. 
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